Background: To our knowledge, the relationship between changes in hemoglobin level and energy and physical functioning in the anemic and "normal" ranges of hemoglobin among individuals with AIDS has not been well characterized.
Conclusions:
Higher levels of hemoglobin are associated with better quality of life among individuals with AIDS. Changes in hemoglobin level within the conventional normal range of hemoglobin are also significantly associated with changes in quality of life.
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A NEMIA IS THE MOST COMmon morbidity of human immunodeficiency virus (HIV) infection and is associated with increased progression to AIDS and higher mortality. 1 The consequences of anemia include fatigue, a decreased sense of well-being, and an increased need for expensive human recombinant erythropoietin therapy, transfusions, and hospitalizations. 1 Although the impact of anemia on the quality of life of patients with cancer has been well established, less is known about the effect of anemia on fatigue and quality of life in HIV-infected patients. [2] [3] [4] The Anemia in HIV Working Group has recommended that the impact of anemia on energy/fatigue and anemia-related quality-of-life indicators needs further characterization. 5 The energy and physical functioning scales of the Medical Outcomes Study HIV Health Survey (MOS-HIV), the most widely used quality-of-life instrument in HIV studies, are reliable and have discriminant validity in HIV-infected patients. 6 Large increases in hematocrit among anemic patients who received recombinant human erythropoietin therapy were associated with substantial improvement in energy scales and physical functioning in HIV-infected adults. 4, 7 It is unclear if hemoglobin is associated monotonically with energy and physical functioning across the full range of concentrations or whether there is a threshold above which there is no subjective benefit of increasing the hemoglobin concentration. A recent study 8 suggests that the relationship between hemoglobin and physical functioning may extend well into the range of what are conventionally defined as "normal" hemoglobin concentrations.
We hypothesized that hemoglobin, as measured in cross-sectional and longitudinal analyses, has a measurable and clinically significant association with health-related quality of life that is independent of other markers of HIV disease severity. We also hypothesized that an important relationship between hemoglobin and quality of life would be apparent for smaller changes of hemoglobin within the range that is conventionally defined as a normal hemoglobin concentration and within the anemic range. To address these hypotheses, we examined quality of life as assessed by the MOS-HIV energy and physical functioning scales among individuals with AIDS participating in the longitudinal studies of the Ocular Complications of AIDS.
METHODS
The subjects were participants in the longitudinal Studies of the Ocular Complications of AIDS, an ongoing, multicenter, epidemiological study of the ocular complications of AIDS. Subjects were enrolled and followed up at 19 AIDS-related ophthalmology clinics in the United States from September 1, 1998, through August 31, 2002. Inclusion criteria included being 13 years or older and being diagnosed as having AIDS, based on the 1993 Centers for Disease Control and Prevention revised surveillance case definition. 9 Patients were seen semiannually unless they had a major ocular complication of AIDS, such as cytomegalovirus retinitis, in which case they were seen quarterly. At enrollment and follow-up visits, demographic and medical information was recorded using standardized questionnaires, and laboratory studies were performed. A complete blood cell count was obtained using a hematology analyzer. The CD4 lymphocyte count was measured by flow cytometry. Plasma HIV RNA was measured locally at each center.
Quality of life was measured at baseline and at every follow-up visit. Measurements were obtained before the ophthalmological examination, to avoid immediate effects of examination results on self-report of quality-of-life status. The MOS-HIV 10 was used to assess the relationship between hemoglobin level and health-related quality of life. The MOS-HIV includes questions on self-perceived energy and functioning. The survey includes questions such as, "Does your health now limit you in these activities?", "If so, how much?", "Walking one block?" and "Walking uphill or climbing (a few flights of stairs)?" (Answers were as follows: Yes, limited a lot. Yes, limited a little. No, not limited.) The energy and physical functioning scales of the MOS-HIV quality-of-life instrument were transformed into a 0 to 100 scale, with higher scores reflecting better health status. The Cronbach ␣ 11 was used to measure the internal consistency reliability of the 2 scales in this population. Multitrait analysis 12 was used to assess the convergent and discriminant construct validity of these scales with respect to other scales in the MOS-HIV. The distributions of the scales were checked for floor and ceiling effects.
The presence of anemia at baseline was examined by demographic characteristics (age, sex, education, race, and HIV risk factors) and by indicators of HIV disease progression (CD4 lymphocyte count and plasma HIV RNA level). Anemia was defined as a hemoglobin level of less than 12 g/dL for women and less than 13 g/dL for men, as defined by the World Health Organization. 13 Age, education, CD4 lymphocyte count, and plasma HIV RNA level were categorized as shown in Table 1 . The CD4 lymphocyte count categories reflect cut points used in clinical care; plasma HIV RNA categories are approximate quartiles of the distribution. P values were obtained using the 2 test. Energy and physical functioning scores also were examined by demographic characteristics and indicators of HIV disease severity, and by the presence of anemia. P values were obtained using the Kruskal-Wallis test.
Among those not anemic at baseline, the incidence of anemia during follow-up was analyzed by demographic characteristics and by indicators of HIV disease severity. The time to development of anemia in 25% of those not anemic at baseline was estimated, and P values were obtained using the KaplanMeier method. The incidence per person-year of observation also was calculated.
Multivariate linear regression models were created to examine the association of hemoglobin level with energy and physical functioning scores at baseline, adjusted for age, sex, education, race, HIV risk factor, and CD4 lymphocyte count. Alternative models also were created, in which plasma HIV RNA category was used as an indicator of HIV disease progression in place of or in addition to CD4 lymphocyte count. Generalized estimating equation linear regression 14 was used to examine the association of changes in hemoglobin level with changes in energy and physical functioning during follow-up, adjusted for age, sex, education, race, HIV risk factor, and CD4 lymphocyte count (by change per 100/µL). 15 Similar to the baseline analyses, alternative models were created in which plasma HIV RNA category was used in place of and in addition to CD4 lymphocyte count. Secondary multivariate longitudinal analyses were also performed; these included interaction terms to provide separate estimates when hemoglobin was in the normal and anemic range, for the association of hemoglobin and CD4 lymphocyte changes with quality-of-life changes.
The level of significance in this study was PϽ.05. Table 1 . The prevalence of anemia was higher among younger subjects, black subjects, women, and those with a lower level of education. Of the risk factors for HIV infection, the lowest prevalence of anemia was among men who had sex with men. The prevalence of anemia was higher among those with lower CD4 lymphocyte counts and higher plasma HIV RNA levels. The overall time to 25% incidence of anemia in the study was 1.61 years. The time to 25% incidence of anemia is shown in Table 1 , and was lower among black subjects, women, those with a lower level of education, injection drug users, individuals with lower CD4 lymphocyte counts, and those with a high plasma HIV RNA level. The mean energy and physical functioning scores at enrollment are shown by demographic characteristics, CD4 lymphocyte count, plasma HIV RNA level, and anemia status in Table 2 . There were no significant differences in energy score by age category or HIV risk factor, but borderline associations were found with race and sex. Energy scores were increasingly higher with higher education, higher CD4 lymphocyte category, and lower HIV RNA category, and were lower in subjects with anemia compared with those without anemia. Physical functioning scores were not significantly related to age, but were lower in black subjects and women, and were increasingly higher with increasing CD4 lymphocyte category and decreasing HIV RNA category. Physical functioning scores were higher among men who had sex with men and among those who were not anemic compared with those with anemia. The relationships of hemoglobin concentrations, in deciles, with energy and physical functioning scores at enrollment are shown in the Figure. Energy and physical functioning scores were positively correlated with increasing decile of hemoglobin concentration (PϽ.001).
RESULTS

Between
Estimates from multivariate models of the relationship of hemoglobin level with energy and physical functioning scores at enrollment are shown in Table 3 . Hemoglobin level remained associated with energy score after adjusting for CD4 lymphocyte category, sex, age, education, HIV risk factor, and race. Hemoglobin level remained positively associated with physical functioning score after adjusting for these same factors. In alternative models in which plasma HIV RNA category was used in place of CD4 lymphocyte category, hemoglobin level (per 1 g/dL) remained significantly (PϽ.001) associated with energy score (mean [ Estimates from multivariate models of the relationship between longitudinal change in hemoglobin and change in energy and physical functioning scores are shown in Table 4 . Change in hemoglobin level remained positively associated with change in energy score after adjusting for CD4 lymphocyte count, sex, age, education, HIV risk factor, and race. Similarly, change in hemoglobin level remained positively associated with change in physical functioning score after adjusting for the same factors. In alternative models in which plasma HIV RNA level was used in place of CD4 lymphocyte count, change in hemoglobin (per 1 g/dL) remained significantly (PϽ.001) associated with change in energy score ( When interaction terms were also added into the models to provide separate estimates of the effects of hemoglobin and CD4 lymphocyte count changes on energy and physical functioning score changes when hemoglobin measures were in the anemic and normal ranges, changes in the energy scale were, on average, 1.5 and 2.3 scale points per 1-g/dL change in hemoglobin in the normal and anemic ranges, respectively. Average energy scale changes were 0.5 and 2.0 scale energy points per 100/µL change in CD4 lymphocyte count in the normal and anemic ranges, respectively. For the physical functioning scale, average changes were 2.7 and 2.6 scale points per 1-g/dL change in hemoglobin in the normal and anemic ranges, respectively, and 0.5 and 1.5 scale points per 100/µL change in CD4 lymphocyte count in the normal and anemic ranges, respectively. 
COMMENT
This study demonstrates that anemia has an important impact on quality of life in patients with AIDS, and that increasing levels of hemoglobin are associated with increasing energy and physical functioning scores across a wide range of hemoglobin concentrations. The association between hemoglobin concentration and energy and physical functioning scores was consistent in crosssectional analyses at enrollment and in longitudinal analyses. The relationship also was consistent after adjusting for HIV disease severity, age, race, sex, and social and demographic factors.
Previous studies 4, 7 have shown that large changes in hemoglobin, as may accompany treatment with recombinant erythropoietin therapy, improve quality of life. However, our observations suggest that energy and physical functioning improve even as hemoglobin increases within the low end of the normal range, rather than identifying a threshold level beyond which increased energy and physical functioning no longer occurred. In the present study, for every 1-g/dL change in hemoglobin, there were changes of 1.5 to 2.3 points on the energy scale and 2.6 to 2.7 points on the physical functioning scale. Are these differences clinically important? Initial studies 15 using the MOS-HIV suggested that there was a difference of 7 points on the energy scale and 10 points on the physical functioning scale between asymptomatic and symptomatic HIV disease. In a clinical trial 16 involving patients with AIDS, there were differences of 6.7 points on the energy scale and 8.8 points on the physical functioning scale between those who developed adverse events in the first 4 weeks of the trial compared with those who did not have any adverse events. For patients with Pneumocystis pneumonia of mild to moderate severity, a 10-mm Hg change in A-a gradient was associated with a 5-point increase in the energy scale. 10, 17 These data suggest that changes of 2 to 3 g/dL in hemoglobin concentration and perhaps less would be important to an average patient.
This observation suggests that treatment of anemia may have potential benefit, perhaps particularly in terms of Abbreviation: NA, data not applicable. *Reference category for human immunodeficiency virus risk factor is all categories, except men having sex with men; and for race/ethnicity, white race. †Calculated using generalized estimating equation (GEE) regression to obtain robust variance estimates for repeated measures. The SEs are from the GEE model. physical functioning, even among patients with relatively mild anemia and a low normal hemoglobin level. Endurance, energetic efficiency, and maximum oxygen consumption are improved in athletes with ranges of hemoglobin that are within the normal range. 18, 19 Our results add to the increasing evidence for a continuous relationship between hemoglobin and physical functioning 8, 20, 21 that extends beyond the conventional cutoffs for anemia.
The cumulative incidence of anemia was high in this study population, and the cumulative incidence was highest among those with CD4 lymphocyte counts less than 50/µL. These findings are consistent with studies in cohorts of injection drug users 22 and HIV-infected women 23 and in 2 large multicenter analyses. 24, 25 These results highlight the fact that anemia remains the most common morbidity of HIV infection. Combination antiretroviral therapy (CART), introduced around 1996, has had an impact on reducing the prevalence of anemia among HIV-infected adults. 23, 26 However, the cumulative incidence of anemia was high in this study conducted during the era of CART, suggesting that anemia remains a widespread clinical problem even in the era of CART. 27 As with observational studies, potential biases that may have affected the observations should be considered in interpreting the results of this study. Participants with a better quality of life may have been more likely to receive CART, but the analyses were adjusted for effects of CART (CD4 lymphocyte count and plasma HIV load).
Estimates of anemia prevalence may be biased by which patients were available and willing to participate in the parent study, and estimates of incident anemia could be similarly affected by incomplete follow-up. However, such bias would likely serve to underestimate the prevalence and incidence of anemia, if those who are anemic are less likely to contribute data to the study. This would not be expected to affect the relative estimates of the effect of different hemoglobin levels or changes in hemoglobin level on the energy and physical functioning scales. The study population consisted of individuals with AIDS who were seen at major academic medical centers in the United States. The findings from this study population may not be generalized to other populations if the level of medical care and use of antiretroviral medications are different, and if the association of hemoglobin level with energy and physical functioning is modified by these factors.
In summary, this prospective cohort study shows that increases in hemoglobin are associated with measurable increases in quality of life among individuals with AIDS, and that increases in hemoglobin, even within the normal range, are associated with increases in quality of life. Funding/Support: This study was supported by grant R01 DA15022 from the National Institute on Drug Abuse, Bethesda, Md; by cooperative agreements U10 EY08052 (The Johns Hopkins University School of Medicine, Baltimore), U10 EY08057 (The Johns Hopkins University Bloomberg School of Public Health, Baltimore), and U10 EY08067 (University of Wisconsin, Madison) from the National Eye Institute, Bethesda; and by grants 5M01 RR00188 (Baylor College of Medicine, Houston, Tex), M01 RR00052 (The Johns Hopkins University School of Medicine), 5M01 RR05096 (Louisiana State University, New Orleans), 5M01 RR00865 (University of California, Los Angeles), 5M01 RR00046 (The University of North Carolina at Chapel Hill), 5M01 RR00043 (University of Southern California, Los Angeles), 5M01 RR00047 (Weill Medical College of Cornell University, Ithaca, NY), and R01 DA10252, R01 AI41956, K23 EY13707, and K23 EY00386 from the National Center for Research Resources through the General Clinical Research Center, Bethesda. Role of the Sponsor: The funding bodies had no role in data extraction and analyses, in the writing of the manuscript, or in the decision to submit the manuscript for publication.
